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Abstract: Research on the Department of Electrical Power igeging FEEC, Brno University of Technology is
among other things focused on the utilization oéraktive power sources. The present situationinvite field of
power engineering positively encourages the rebeggeelopment of alternative power sources. Griganton is paid
to incresing the efficiency and effectivity of pawsystem operation. The paper presents resultseofesearch in the
field of alternative power sources utilizationniainly points the possibilities of increasing tifieceency of alternative
power sources operation by its mutual cooperati@mects of the cooperation are evaluated mainiynftbe energy
point of view but the economic parameters of trssstems are pointed as well. The paper also peesesults of long-
term measuring on active solar system connectedime unit together with a heat pump- the systesrblean installed
in the university laboratories. The parameterdiefrneasuring system that has been installed ilabweatories of the
Department of Power Engineering are described &s we

The research prooved that new approach to the catpe of heat pump and solar system working in im@mm power
unit results in higher heating factor of a heat piand high efficiency of a solar system which fipalecreases prime
energy demand. The conclusions presented in tipiergsarted up thanks to the Grant Agency of thec@Republic
and the Ministry of Education of the Czech Republic
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1 Introduction point of view than presently used systems. The pape

The aim of contemporary energy policy is mainly also dgscribes the measuring 'system used fqr en-lin
decreasing the consumption of primary power sourcegnalysis and measuring on monitored energy unit.

while keeping the growing energy production.

Consequently the development and research is fdcuse

on increasing the efficiency of energy systems and 2  Optimized connection of heat pump
integration of renewable power sources into thegne \ith solar system

production. Europe shows great interest in alter@at At present within the technical field there appear
power sources such as solar energy, heat pumps, Wingommon installations of active solar system andt hea
energy etc. " _ o pump, however both systems in such connections work
Results of research within the field of utilizatiemd  generally separately. This fact means that theesyst
application of renewable power sources presentédisn  j3ye common storage reservoir and solar systeny*onl
paper establish new possibilities of cooperation Ofincreases the temperature of heating medium in the
alternative power sources and therefore lead toeservoir. [1, 3]

increasing _efficiency of its operation. Operation pjsadvantage of such designed system is that tae so
efficiency of renewable power sources is very i@ system has to work with the temperature of medinat t
and fundamental issue for its further development. is useful for heating (temperature on the inpubedting
The research gives answers to questions abouthp®ssi system). This fact fundamentally lowers the efficig of
cooperation of solar system and heat pump in COMMORglar system itself during winter time. Another
power unit. The result is the design of new corioepdf  gisadvantage of the system described above igiite.p
alternative power sources connection and baseden t \yhole system has to be over-dimensioned whichés th
results of applied analysis it has more preferablecgyse of higher costs. Over-dimensioning also tesul
operation parameters from the energy and economig very long payback period caused by improper uséige
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solar panels over the year namely thaks to botlhigle  system and on the basis of long-term measuringlaf s

output temperature and insufficient (fluctuating)ue of  radiation intensity in Brno, Czech Republic. Evdiloa

solar radiation intensity. The main contribution of of combined system is completed on the basis afggne

optimized connection is high operational efficienafy = economic analysis of the operation.

solar system and increased heating factor of hasaupp

These facts influence positively decreasing the

consumption of primary energy necessary for opmmati 2.1 Results of measuring on combined system

of heat pump. Bivalent source in designed connection (see Figis1)

In the system there is used the combined solaeatoll  solar system. The primary task is to determine the

which provides to use air and water as heat caiTigis operational parameters (such as efficiency, tentpera

appears as a great advantage. The optimalization igardients, operating temperatures) of solar syd@m

realized on the system assembled thanks to grapbsu  required working conditions. The demand is incretagse

of Ministry of Education. Functional model of ag-tir ~ temperature of heat carrier within the limits of

heat pump together with added solar system has begT = 5 — 10°C. To determine these parameters it is

assembled so the original hypothesis of properessential to ensure long-term measuring of operatio

cooperation of these power sources. Optimized Byste states. It is very imporatnt to determine the iigtion

(see Fig. 1) works on following principle. of solar radiation intensity during the day for aria

» During the heating season the solar system isview. For this purpose the methodics based on gerfo
activated when the temperature falls below thesunshine is used. Information about sunshine sasve
temperature of bivalention. The solar system isithe input data for setting radiation characteristics.
used for increasing the temperature at the heafThis method consists in determining the averagetmon
pump input. Increasing the input temperature amount of global, difussion and direct insolatiéiter
causes increasing the heating factor of wholedetermination of these characteristics it is pdesto
system and at the same time it lowers the demandgrovide daily amount and subsequently average daily
on primary energy necessary for heat pumpbehaviour of global, diffusion and direct insolatitow.
operation. The figures 2 and 3 show behaviour of solar ramimti
» Solar system is used for heating water beyond théntensity for monthly (December and January) middle

heating season. Combined solar collectors allowingdays. For each day there is marked out average air
fluent conversion between heat carriers (air andtemperature F. and average intensity of solar radiation

water) are used. lave [4, 1]
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The basic idea is to use the solar system for pathing
the input medium (air) of heat pump during the imeat
season and therefore achieve better operational
parameters of the system. The presumption is tpet in
temperature increase within the limits,@f= 5 — 10°C.
Within the applied research there is for the defimgut
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According to provided temperature rise of input e efficiency of solar system,,. determined. Measured and
in heat pump AT = 5 — 10°C) there is the average calculated values are mentioned in Table 1.

Tave I ave ’ TAl TA2 TA3 r] lave r] 2ave r] 3ave
month day )
°C W.m Tavet 5°C | Tavet 8°C | Taet 10°C| % % %
December 16.12.2005 2,1 292 7,1 10,1 12,1 75 69 64
January | 16.1.2006 2,7 336 7,7 10,7 12,7 76 71 6y
"T, - temperature of air at outp of solar syste
Table 1

3 System for measuring and Collection panel. Both the real and the optimized instantaseou
of data panel power are measured. The real power is mahsure

Reagarding research of cooperation of heat pumgs wi in the usual PV panel — accumulator connection.

solar collectors there has been developed automatic
measuring system within the research project. Basi(;32
information about the system have been presenteédeon _I_'h data bei d s t terred .
RES’07 conference in France, October 2007. N ga emg measure .'S ransierred, using a
Measuring system was originally developed only for _separatlng multiplexer, from nine sensors (see K)g.

measuring the intensity of solar radiation and Into a measuring system formed by the NI-6023E plug

temperature but considering great progress in usin%rjI card. Signals from all the measuring sensors are

renewable power sources the system has been uggrad O;‘:ﬁgzg Irr']na ((j:(;?ge'(lj'r::emfalr?jop'ltlo dth?[.ag?:]qgaéﬂ?g
also for measuring on photovoltaic panels. uring ' wiil digrtiz ISeda

The fundamental reason for upgrading the measurini(zrward th? rough_ datq 1o the control program _hat
system is great development of alternative powerces atlab script). This script not only communicateshw

: : . . the measuring card, thus controlling the whole
— mainly photovoltaic panels — in the Czech Republi SR .
During a year-long period there has been instaiBabs measurement but, in addition, it controls the réinhe

. : . _optimization circuit via the digital outputs of tloard.
higher performance of photovoltaic systems working : .
into power system of the Czech Republic To enable the data to be archived in a clear walytan

. . be further processed, the data is sent by thetdorifne
(0,5 MWp in 2006 — 4,3 MWp in October 2007). :
Following text describes the system for measuring a MySQL database on the server, and ghe whole loop is
collecting data from the solar collectors. repeated. The data held in the databaze can beefurt
Functionality of measuring system was experimeyntall proces;ed mdepenqlgntly of the m_easurement INESeYr
verified in the laboratories of the Department of .. sorting .and additional cal'culagons can béqpared.
Electrical Power Engineering, VUT in Brno. For the Data modified and prepared in this way can be plege

verification there has been used photovoltaic paidi on-line on 'ghe Internef[ p'ractlcally in real time. :

: _ More detailed description of each part of measuring
rated capacity PN = 100 Wp. system and its control programme is pointed in [3
It is necessary to mention that very the measigystem Y prog P [3]-
described bellow was used for decisive experimental
measuring on new concept of connection of heat pump =
and solar system. And also thanks to this measurin¢ &
system it is possible to specify advantages anc

Principle of measuring and connection

disadvantages of newly assembled combined systém ar I IIIIIIIIII 1L h pet [
to define optimal energy and economic charactesisif - e ?v?; -
operation of combined system. eSS i Mot

Fig. 4 Connection and positron of measuring sensor

3.1 Structure of the measuring system
Measuring system monitors following characteristics 3.3 Evaluation of measuring

* intensity of solar radiation Saving the data measured into the database is not
* instantaneous panel power enough, it has to be processed. This means conducti

e air temperature complementary calculations (if need be), sorting th

« temperature of photovoltaic panel data, evaluating the results, and displaying them.

To have the full picture, we also measure theln our case we perform several complementary
temperature of the bottom (non-illuminated) sidettos calculations. For example for the powers measured,
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intensity of incident solar radiation and temperesuwe
also calculate:
» daily energy generated by the panel,

* cumulative and instantaneous efficiency of the

energy conversion by PV panel,

Mastny Petr, Matousek Antonin, Machacek Jan

4 Evaluation of influence of sources

cooperation on heating factor

As the results of measuring prooved, the addedr sola
system in combined connection has positive infleemc
operational characteristics of heat pump mainlyitsn

* monthly summarization of energy generated by theheating factor. This fact is most apparent in FégBir

panel and next.
The above calculations, their results, graphs,farter

complementary information are given on the web page

of our laboratory.
An advantage can be seen in that the presentation
measuring results has been conceived in such ahaay
it is possible to display not only the measuringtju
taking place but also the history of all the measants
that have been conducted for a given task. Exangdles
the graphs of measured and calculated values aea gi
in the following Figures.
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The picture presents percentage growth of heasiotpf

(COP) which is valid for particular area of addethso
system S =10, 14, 20 and 24. m

Operational characteristics pointed in Figure 9laxp

%he influence of added solar system on heatingofact

Characteristics are valid for the output tempegafuom
the heat pump Jl; = 16°C and the parameter of each
course is the area of added solar system (S =40
and 24 m).

Introduced heating factor COP Cdefficient of
Performancg result from real energy flows measured on
combined system and it is determined accordinghéo t
equation pointed below (1).

T1Q,[C,

cop=4 ) Q)

p

4.1 Evaluation of combined system operation
Economical-technical evaluation of operation of
combined heat pump and solar system is based on the
analysis of operational parameters. Energy evaloati
results from measured values on the combined system
Economical evaluation is an integral part of theeyal
evaluation.

The result of economical-technical analysis isitd the
optimal area of solar system for incresing the mnedi
temperature on the input of the heat pump in reguir
range,T =5 —10°C.

To compare heating with the heat pump and other
possible power sources, the existing family housgept

in Brno is used. The newly built-up low-energy hewd

8,4 kW heat loss and of Q= 22,4 MWh.yeat total
energy demand (heating +&Q, year and hot service water
QHW,yeaa-

For evaluation of proper connection and possible
cooperation of these sources the heat pump airaterw
with rated thermal capacity of 5,3 kW has been used
The heat rate of heat pump at the temperatureimipy
source 2°C and output temperature 35°G s B8 kW
and heating factog = 3,6. The type of the heat pump is
designed so the ratio of heat pump performancestd h
loss of the building is 63% that correspond to 96P6
supplied thermal energy for heating the building [2

Issue 1, Volume 4, January 2008
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bl i o e . e
AT=10C Tout = 16°C 24

parameter is area of solar collector (m?) 20—

stirface of callector system (m?)

Fig. 8 Percentage increase of heating factor [1] Fig. 9 Influence of added solar system on hedtwtpr

The remaining thermal energy necessary for heanty and it also has been published in the conference
hot service water is ensured by the cooperatioheat proceedings [5] and in the scientific proceedingBrmo
pump and solar system. As it is mentioned abowve, th University of Technology [1]

solar system is for a faction of a year used awadnt GIEm= el

power source to the heat pump where it increases th = | & pcep——

temperature at the input of the heat pump. Indase air & & BHP (5.310W) with solar system

iS the Working medium. In case It iS not neceSSﬂry 400 PRSI s s iR s s gﬁ??@"@
increase the heat pump performance then the solal - -

system is used for heating hot service water. Watire

working medium in such case.

Very important issue when regarding operation @ th
system is the comparison of yearly costs of hedfiong
newly assembled combined system and for systengusin
common connection of heat pump - dde 5]. The i
advantage of combined system can be seen in Fifure P HERMEC  MREAMT  WRRReAt R

As it is mentioned in the begining of this papee heat ~ Fig- 10 Confrontation of operating costs

demand for the monitored building is 17,0 MWh.year

and the heat demand for heating hot service water i

5,4 MWh.yeat. The heat pump covers the heat demandd Conclusion

up to 90% which conform to 15,3 MWh.y&aiTo cover ~ The results of the research pointed in this papeich is

the entire heat demand for heating and hot sewater focused on incresing the efficiency of operation of
it is necessary to supply 7,1 MWh.yédrom the solar alternative power sources, present new possilsiliGe
system. Economical-technical evaluation regards thealternative power sources cooperation. The realsdarc
energy demands of the building and the economicfocused on the cooperation of active solar systents
parameters as well. The results of the analysis ardeat pumps. As the presented results explain, the
presented in the Figure 11. cooperation of these sources is well-founded froven t

The results clearly define the possibility and tietd of ~ €nergy and economic point of view. In comparisothwi
energy and economic usage of a solar system irpresently used system, the.new connection of'these
connection with a heat pump for monitored building SOurces is much more effective. Solar collectorsnm
with total heat loss Q= 8,4 kW determined on the basis NeW connection work with high efficiency which meve

of average monthly values of solar radiation inityns around 70%. The reason for such favourable opetio
measured in the laboratories of UnconventionalParameters is mainly the new system of connection.
Transformations at the Department of Electrical Bow Another important result is high heating factor of

Engineering, Brno University od Technology, Czech cooperating heat pump. The measuring system has bee
Republic. designed for the purpose of measuring on the adgedmb

combined system. The measuring system allows @n-lin
monitoring of measured characteristics on bothstilar
system and the heat pump.

@
-1
=1

~
S
=3

Complete Costs (EUR/ year)

=]
=3

The analysis of operation of combined system (igdig
visualization can be seen in Fig. 11) has been fioen
energy and economic point of view described in the
paper presentation on the RES’'07 conference incleran
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Measuring system is at present used for analysis ointerest in broader utilization of renewable power
influence of operating conditions of solar energy sources greatly encourages its development bus it i
convertors with optimization of its charge duringllf  essential to understand that such power sourcesotan
operation. The research is still focused on vardyand  be applied in all localities. Renewable power searc
upgrading he functions of the system. Obtained tgreahave its specific character and it is necessarpap
amount of data allow calculations for which a ldegm attention to it regarding practical installations. is
measured data are required. Great advantage of thgroper to ask a question whether the renewable powe
measuring system is its simplicity and easy moatifan sources could solve the energy demands of mankidd a
on different measuring assignments. whether there are proper conditions for its usdigevar

The essential contribution of this research isiticeease  the world. Surely not but renewable power sour@sesh

of operational efficiency of combined system. Tast its steady position in the energy conceptions of EU
has direct influence on the consumption of primergn member states and other countries.

of combined system. New connection allows to st h  The whole research follows the demands of the EU on
pump with lower load which decrease the consumptionthe usage of alternative power sources. And it is
of prime energy. This fact positively influenceslueing supported by the Ministry of Education of the Czech
the CQ concentration. It is true that present world-wide Republic.
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